Calcium homeostasis in dissociated embryonic neurons: a flow cytometric analysis.
1. Ca2+ homeostasis in freshly dissociated neurons from embryonic rat hypothalamus, cortex, and brain stem was investigated with flow cytometry. Cells were dissociated from embryonic brain by enzymatic and mechanical means and were incubated with the acetoxymethylester derivative of the Ca(2+)-sensitive dye indo-1. Neurons hydrolyzed and retained the dye as determined by the intensity of fluorescence emission, whereas similarly treated cultured astrocytes gave very low-level fluorescence. 2. The fluorescence of the indo-1 dye was measured at two wavelengths (405 and 485 nm) for each cell. Data were collected only from those cells (presumptive neurons) with high levels of fluorescence. Methods were developed to calibrate the level of intracellular free calcium ([Ca2+]i) as the ratio of fluorescence at 410 and 485 nm. The level of intracellular free Ca2+ was then calculated for each neuron. 3. A wide distribution of resting [Ca2+]i was found, with a median of approximately 90 nM. After addition of ionomycin to cells in Ca(2+)-free medium, there was a transient increase in [Ca2+]i, suggesting that all embryonic neurons had internal Ca2+ stores. The presence of active calcium extrusion mechanisms was demonstrated with the use of ionomycin in Ca(2+)-containing medium and with metabolic inhibitors. Furthermore, incubation in sodium-free medium resulted in a transient increase in [Ca2+]i and a reduced ability to eliminate elevated [Ca2+]i from the cytoplasm, suggesting that calcium homeostasis was dependent on the activity of the Na(+)-Ca2+ exchange mechanism. 4. Depolarization with K+ or veratrine increased [Ca2+]i in approximately 20% of the cells. This increase was blocked by eliminating extracellular free Ca2+ or adding Co2+, nifedipine, or verapamil, suggesting mediation by voltage-sensitive calcium channels. 5. Neurons were sorted on the basis of high [Ca2+]i and placed into dissociated culture. After 24 h, neurons in culture retained indo-1 fluorescence, suggesting that populations of neurons can be collected on the basis of their levels of [Ca2+]i. 6. These results demonstrate that flow cytometric analysis allows the characterization of a variety of Ca(2+)-regulatory mechanisms in populations of freshly dissociated embryonic neurons. Although only a proportion of embryonic day 17 neurons exhibit voltage-sensitive calcium channels, all neurons have developed the ability to sequester and extrude Ca2+.